INTRODUCTION
Rheumatoid arthritis (RA) is a systemic immunemediated inflammatory disorder that affects approximately 1% of the population in the USA. An increased risk for cardiovascular disease (CVD) in patients with RA is well established. Specifically, patients with RA have been shown to be 30-60% more likely to suffer from a cardiovascular event than age-and gender-matched arthritis-free patients. 1 The chronic inflammation that is characteristic of RA is believed to play a key role, as some of the increased cardiovascular morbidity and mortality that are observed in RA patients is independent of the traditional risk factors for CVD. 2 Microvascular endothelial dysfunction that occurs early in the development of CVD is worsened by inflammation, 3 and proinflammatory cytokines, including tumour necrosis factor-α (TNF-α), have been shown to have proatherosclerotic effects. 4 5 Short-term anti-TNF treatment has been shown to have a positive effect on endothelial function, and also has been associated with a decrease in inflammation, improved lipid levels, and an improvement in the atherogenic index in patients with RA, indicating a potential role of TNF blockade in ameliorating cardiovascular risk. 6 7 Active inflammation is associated with decreased high-density lipoprotein (HDL) levels and total cholesterol (TC) levels, 8 and although levels of lowdensity lipoprotein (LDL) are decreased, this is accompanied by increases in small, dense LDL. 9 These small LDL particles have been shown to be an independent risk factor for CVD 10 ; however, the utility of LDL subfractions as a surrogate marker for CVD is not clear as this is a relatively new area of investigation.
Golimumab is a human monoclonal antibody specific for human TNF-α and is approved for the treatment of moderately-to-severely active RA. 11 The safety and efficacy of golimumab were evaluated in two large, phase 3, multicentre, randomised, double-blind, placebo-controlled trials of patients with RA. The GO-BEFORE study enrolled methotrexate (MTX)-naïve RA patients, 12 and the GO-FORWARD study enrolled patients with active RA despite MTX therapy. 13 In both studies, golimumab (50 or 100 mg) plus MTX every 4 weeks significantly improved the signs and symptoms of RA and was well tolerated. 12 13 The effects of the anti-TNF therapies adalimumab, etanercept and infliximab on lipid profiles have been evaluated in small studies of patients with RA, with discordant results. 7 14-16 Given the increased risk of CVD in patients with RA, the role of dyslipidaemia in atherogenesis, and the growing use of anti-TNF therapies for the treatment of RA, the relationship between use of these agents and changes in lipid profiles in patients with RA is of particular interest. We prospectively evaluated the effect of golimumab on serum lipid levels, including a novel marker of LDL subfractions, and inflammatory markers which may be associated with CVD among patients with RA in Open Access Scan to access more free content the two phase 3, randomised, placebo-controlled trials, GO-BEFORE and GO-FORWARD.
PATIENTS AND METHODS Patients
Patient inclusion and exclusion criteria for the GO-BEFORE 12 and GO-FORWARD 13 studies have been previously described. Briefly, for inclusion in either trial, eligible adults had to have active RA, with diagnosis having occurred at least 3 months before the initial study agent administration. For the MTX-naïve patients in the GO-BEFORE study, patients could not have received more than three weekly doses of oral MTX. In the GO-FORWARD study, patients must have received MTX for at least 3 months with a stable dose (≥15 but ≤25 mg/week) for 4 weeks prior to screening.
Study designs
GO-BEFORE and GO-FORWARD were randomised, doubleblind, placebo-controlled trials; details of the study designs have been previously published. 12 13 In both trials, golimumab was administered as a subcutaneous injection at baseline and every 4 weeks thereafter. Patients in the GO-BEFORE (n=637) and GO-FORWARD (n=444) studies were randomly assigned to receive placebo plus MTX, golimumab 100 mg plus placebo, golimumab 50 mg plus MTX, or golimumab 100 mg plus MTX. In the GO-BEFORE trial, treatment with placebo plus MTX in the control group continued through week 52 if the patient had a clinical response. In the GO-FORWARD trial, patients randomised to receive placebo plus MTX crossed over to receive golimumab 50 mg plus MTX at week 24. Concurrent use of non-steroidal anti-inflammatory drugs, other analgesics for RA, and oral corticosteroids (≤10 mg of prednisone/day or equivalent) was allowed if doses were stable for at least 2 weeks prior to study agent start and remained stable during the study.
Patients who had an insufficient response, as defined by prespecified criteria, 12 13 entered double-blinded early escape at either week 16 (GO-FORWARD) or week 28 (GO-BEFORE) according to the study protocol. During early escape, patients who initially received placebo plus MTX switched to golimumab 50 mg plus MTX, and those receiving golimumab 50 mg had their golimumab dose increased to 100 mg. Patients who initially received golimumab 100 mg plus placebo switched from placebo capsules to MTX, while those who initially received golimumab 100 mg plus MTX had no change in treatment, regardless of early escape status.
The studies were conducted in accordance with the Declaration of Helsinki and International Conference on Harmonisation good clinical practices. The protocols were reviewed and approved by each site's institutional review board or ethics committee. All patients provided written informed consent before undergoing study-related procedures.
Serum lipids
Fasting serum samples were collected at weeks 0, 24 and 52 in GO-BEFORE and at weeks 0, 14 and 52 in GO-FORWARD for determination of lipid concentrations (triglycerides, TC, HDL, LDL, LDL subfractions, LDL particle size, apolipoprotein A1 and apolipoprotein B). LDL subfractions including mean particle sizes were determined by nuclear magnetic resonance spectroscopy. 17 18 Serum inflammatory markers of CVD Serum samples were collected at weeks 0, 24 and 52 in GO-BEFORE and at weeks 0, 14 and 52 in GO-FORWARD to determine serum concentrations of the following inflammatory markers: serum amyloid A, high sensitivity C-reactive protein (hsCRP), fibrinogen, interleukin (IL)-6, IL-8, intracellular adhesion molecule (ICAM)-1, matrix metalloproteinase-3 (MMP-3) and vascular endothelial growth factor (VEGF).
Statistical methodology
In both trials, summaries of median change and median percentage change from baseline include all treated patients with available data and are categorised by actual treatment group. Baseline concentrations of serum inflammatory markers below the lower limit of quantification (LLOQ) were set to half the LLOQ value for that assay. For both the serum lipid markers and serum inflammatory markers, median percentage changes from baseline to week 14 (GO-FORWARD) or week 24 (GO-BEFORE), and week 52 (both studies) are reported.
All statistical tests were conducted at the 0.05 level of significance. No adjustment for multiple tests was made.
RESULTS

Patient disposition and baseline characteristics
A total of 1081 patients participated in these trials (GO-BEFORE, n=637; GO-FORWARD, n=444) (table 1). Within each trial, randomised treatment groups were generally well balanced with regard to baseline demographic and disease characteristics, as well as for concentrations of serum lipids and inflammatory markers of CVD. Previous MTX therapy was mandated by the GO-FORWARD inclusion/exclusion criteria but was precluded by those of GO-BEFORE (table 1) .
Lipid markers of CVD
At week 14 in the GO-FORWARD trial of RA patients with an inadequate response to MTX, those who received golimumab plus MTX had significant median increases in TC (16.00 vs 2.00 mg/ dl; p<0.001), HDL (3.00 vs 0.00 mg/dl; p=0.008) and LDL (8.00 vs 4.00 mg/dl; p<0.001) levels compared with patients who received placebo plus MTX. However, atherogenic ratios that included TC/HDL, LDL/HDL and apolipoprotein B/A1 were generally stable in golimumab-treated patients relative to patients treated with MTX only (table 2). Also at week 14, significant changes in LDL subfractions were observed in the combined golimumab plus MTX group when compared with patients treated with placebo plus MTX, including increases in large LDL (median: 90.50 vs 21.00 nmol/l; p=0.004) and mean LDL particle size (median: 0.20 vs 0.00 nM; p<0.001) and decreases in total small LDL (median: −56.50 vs 30.00 nmol/l; p<0.001), medium small LDL (median: −12.50 vs 6.00 nmol/l; p=0.001) and very small LDL (median: −50.50 vs 19.00 nmol/l; p=0.003) (table 2).
All patients in the placebo plus MTX group in the GO-FORWARD study crossed over to active treatment at week 24; therefore, all patients had been receiving treatment with golimumab with or without MTX for several months by week 52. All treatment groups exhibited similar significant increases in LDL and TC levels from baseline to week 52. Statistically significant percentage increases from baseline to week 52 in LDL/ HDL and TC/HDL ratios were also observed in all treatment groups; however, the absolute increases were small. The golimumab plus MTX groups had significant changes in LDL subfractions, including increases in large LDL and mean LDL particle size and decreases in total small LDL, medium small LDL, and very small LDL (table 3) .
At week 24 in the GO-BEFORE trial of MTX-naïve RA patients, TC and LDL levels increased, and changes in LDL subfractions (decreases in very small and medium small LDL and Median changes from baseline to week 52 in these inflammatory markers of CVD were generally similar across the golimumab monotherapy and golimumab plus MTX therapy groups in the GO-FORWARD study (table 3) . A notable exception included a significant percentage increase in IL-6 from baseline in the golimumab 100 mg plus placebo group (16.92%; p<0.001 vs baseline) that contrasted with a significant median decrease in the combined golimumab plus MTX group (−0.80 pg/ml; p<0.001 vs baseline). In addition, significant decreases in hsCRP from baseline to week 52 were observed in patients treated with golimumab plus MTX (−3.74 mg/dl or −56.73% for 50 mg and −5.20 mg/dl or −64.78% for 100 mg; p<0.001 for both dose groups), while a non-significant decrease was observed with golimumab monotherapy (−0.64 mg/dl or −18.60%) (table 3) .
At week 24 in the GO-BEFORE study, patients who received golimumab plus MTX had significantly greater median decreases from baseline in hsCRP (−6.05 vs −5.40 mg/dl; p=0.001), ICAM-1 (−40.00 vs −2.00 mg/dl; p<0.001), IL-6 (−7.30 vs −4.85 pg/ml; p<0.001), IL-8 (−5.10 vs −2.80 pg/ml; p=0.001), MMP-3 (−19.21 vs −14.70 ng/ml; p=0.049) and VEGF (−29.15 vs −21.85 pg/ml; p=0.001) concentrations when compared with patients receiving MTX alone (table 2) . At week 52, significant decreases from baseline in hsCRP, ICAM-1 and IL-6 levels were observed in all treatment groups (table 3) . Additionally, changes from baseline to week 52 in these putative inflammatory markers of CVD were generally similar across the treatment groups. Greater median decreases in ICAM-1 (−81.00 ng/ml or −25.81%) and IL-6 (−4.00 or −50.35%) were observed in the combined golimumab plus MTX group versus the placebo plus MTX group (−59.50 ng/ml or −17.48%; p=0.001 and −4.55 or −49.82%; p=0.005).
DISCUSSION
Lipid markers of CVD and inflammatory markers were evaluated in patients with RA in the GO-FORWARD and GO-BEFORE trials. In the GO-FORWARD trial, TC, HDL and LDL levels increased in all treatment groups at week 14 and were greater in the golimumab plus MTX groups than in the placebo plus MTX group; however, atherogenic ratios, including TC/HDL and apolipoprotein B/A1, were generally stable Table 1 Continued Data shown are median value or number (%) of patients unless otherwise noted.
Anti-CCP, anti-cyclic citrullinated peptide; HDL, high-density lipoprotein; hsCRP, high sensitivity C-reactive protein; ICAM-1, intracellular adhesion molecule-1; IL, interleukin; LDL, low-density lipoprotein; MMP-3, matrix metalloproteinase; MTX, methotrexate; RA, rheumatoid arthritis; VEGF, vascular endothelial growth factor. among all groups. At week 52, following placebo-crossover at week 24, all treatment groups had significant increases from baseline in TC and LDL concentrations. Of note, decreases in total small, very small and medium small LDL were observed in the golimumab plus MTX groups at weeks 14 and 52, while these levels generally increased in the placebo plus MTX group at week 14. In the GO-BEFORE trial, TC, HDL and LDL levels increased from baseline to week 24, and total small, very small and medium small LDL levels decreased in all treatment groups. As observed in the GO-FORWARD trial, atherogenic ratios were also stable among the treatment groups in GO-BEFORE. No significant differences were observed between the combined golimumab plus MTX group and the placebo plus MTX group in the changes from baseline to week 52 in the evaluated lipid markers. No consistent changes in triglycerides were observed through week 52 in either study. The increases in HDL and TC following golimumab treatment are consistent with other studies of anti-TNF agents in patients with RA. 19 Although changes in lipid levels were generally more pronounced in the golimumab treatment groups compared with the placebo plus MTX group, overall, changes were generally mild across all groups. Differences between the golimumab groups and the placebo plus MTX group in GO-FORWARD were more pronounced when evaluating the LDL subfractions. Although total LDL levels increased from baseline, those of small LDL particles, which have been associated with an increased risk for CVD and atherosclerosis, decreased following treatment with golimumab (monotherapy or with concomitant MTX). While the functional implications are still unknown, overall, there appeared to be a favourable change in LDL particle distribution associated with golimumab treatment, with increases in large LDL particles, decreases in small LDL particles and increases in mean LDL particle size. LDL subfractions are relatively new markers for evaluating CVD with limited commercial availability; currently, studies have not clearly shown if LDL particle size is an accurate surrogate marker for CVD outcomes across various populations. 20 In both GO-FORWARD (week 14) and GO-BEFORE (week 24), serum levels of all inflammatory markers evaluated decreased significantly from baseline in all golimumab treatment groups, and decreases in serum amyloid A, hsCRP, ICAM-1, IL-6, IL-8, MMP-3 and VEGF were significantly greater in the combined golimumab plus MTX groups than in the placebo plus MTX group. At week 52, levels of all of the inflammatory markers tested were decreased from baseline in all treatment groups, with the exception of IL-6 in the golimumab 100 mg plus placebo group in GO-FORWARD. Most of these decreases were statistically significant, including those in the placebo plus MTX group in GO-BEFORE. These decreases in inflammatory markers are not surprising given the clinical improvements seen with golimumab. Any effective therapy for RA is expected to decrease inflammatory markers; however, the magnitude of the decrease may differ between treatments in relation to their efficacy. Although a reduction in inflammatory markers was seen in the placebo plus MTX group, the reductions were greater in the golimumab plus MTX group. Similarly, greater improvements in disease activity parameters were also seen in the golimumab plus MTX treatment group compared with the placebo plus MTX group. 12 13 It has been postulated that the reduction in inflammation afforded by both MTX and anti-TNF therapies can lead to the reduction in cardiovascular events as shown in other studies. 21 In general, previous studies of lipid profiles following anti-TNF therapy in patients with RA were not randomised and Table 2 Continued 23 ; however, other studies with longer follow-up did not find any significant differences after 16 14 or 52 weeks. 16 While some studies have reported significant increases in HDL levels after 2-24 weeks of anti-TNF therapy, 7 23 24 others of varying duration have found only a transient increase in HDL, 16 an initial increase followed by a significant decrease in HDL, 25 or no change. 14 26 In addition, statistically significant increases in LDL levels at weeks 14 23 and 30 27 have also been observed, although most report no significant change in LDL levels following anti-TNF therapy. 7 14 16 The current analysis of 1081 patients in the GO-FORWARD and GO-BEFORE trials is the largest prospective study of the effects of anti-TNF treatment on levels of lipids and inflammatory markers in patients with RA. Unlike many of the previous studies on anti-TNF agents and CVD, these data were obtained from two large randomised placebo-controlled trials with 1-year data. We found that patients treated with golimumab plus MTX generally had improvements in LDL subfractions and markers of inflammation through week 52. Patients in the GO-BEFORE trial were MTX-naïve, and many responded well to MTX, which may explain why patients in this trial who received MTX monotherapy also had favourable changes in many of these markers. Others have shown that TC and LDL levels decrease during the 5 years prior to an RA diagnosis, suggesting a possible relationship to inflammation. 28 This may partially account for the increase in lipid levels among patients responding to treatment (MTX alone, golimumab alone or combination therapy). Increases in lipid levels have also been seen in RA patients treated with therapies other than anti-TNF agents, such as tociluzimab, 29 tofacitinib 30 and rituximab. 31 32 However, the mechanism of such an effect may differ among the various therapies, as increases in lipid levels are more pronounced with some therapies than with others.
It is well documented that the increase in cardiovascular adverse outcomes in patients with RA is greater than that attributed to conventional cardiovascular risk factors, 2 raising the possibility that the importance of lipids as a risk factor for increased cardiovascular morbidity and mortality in these patients has not been fully elucidated. Risk factors, including other lipid subsets or inflammatory markers of vascular activation, warrant further investigation. The short length of the follow-up period and number of patients involved in this study limit the scope of our conclusions about the effect of golimumab on clinical cardiovascular outcomes. Although the results of the GO-FORWARD and GO-BEFORE trials reported here indicate that treating the inflammation of RA may improve CVD markers, long-term studies with larger populations are needed to evaluate if treatment with golimumab affects cardiovascular outcomes in patients with RA.
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